Phosphate ions and glutaminyl cyclases catalyze the cyclization of glutaminyl residues by facilitating synchronized proton transfers.
Phosphate ions and glutaminyl cyclase (QC) both catalyze the formation of pyroglutamate (pE, pGlu) from N-terminal glutamine residues of peptides and proteins. Here, we studied the mechanism of glutamine cyclization using kinetic secondary deuterium and solvent isotope effects. The data suggest that proton transfer(s) are rate determining for the spontaneous reaction, and that phosphate and QC are accelerating the reaction by promoting synchronized proton transfers in a concerted mechanism. Thus, non-enzymatic and enzymatic catalysis of pyroglutamate formation exploit a similar mode of transition-state stabilization.